Incomplete flaps are a relatively uncommon complication of laser-assisted in situ keratomileusis (LASIK) that occur when creation of the corneal flap is interrupted. Further complications can arise if a second flap is created that intersects the original flap interface, resulting in tissue slivers that can lead to more complications and poor visual outcomes. We report the case of a 56-year-old man who underwent LASIK in which an incomplete flap occurred after 45% completion using a mechanical microkeratome with a 160 µm head. The maximum depth achieved by this incomplete flap was measured by very high-frequency (VHF) digital ultrasound as 182 μm peripherally. Two months later, a second flap was created beneath the incomplete flap, at a depth of 190 μm. The resulting flap had a central thickness of 196 μm and a minimum clearance of 30 μm beneath the incomplete flap. This demonstrates a method for creating secondary flaps that may significantly reduce the risk of flap interface intersection.
Case Report
In fall 2007 a 56-year-old presbyopic man presented at the London Vision Clinic, London, to be assessed for laser-assisted in situ keratomileusis (LASIK). On examination, his manifest refraction was +1.00 −0.50 ×150 (20/16) in the right eye and +0.75 −0.25 ×48 (20/16) in the left eye with presbyopia. Preoperative corneal topography was considered normal in both eyes (Atlas 995; Carl Zeiss Meditec, Jena, Germany). Central corneal thickness was 606 μm in the right eye and 616 μm in the left eye (Corneo-Gauge Plus; Sonogage Inc, Cleveland, OH). White-to-white diameter was 12.0 mm in each eye (Orbscan II; Bausch & Lomb, Salt Lake City, UT). Vertical sinusoidal grid contrast sensitivity was normal (CSV-1000; VectorVision, Greenville, OH). Dilated fundus examination and biomicroscopic slit-lamp examination were unremarkable.
Primary Treatment
The treatment plan entailed bilateral LASIK, to be performed by one of the authors (DZR) using the Hansatome zero compression microkeratome (Bausch & Lomb, Salt Lake City, UT) with a 160 μm head and a 9.5 mm suction ring and the MEL80 excimer laser (Carl Zeiss Meditec, Jena, Germany). The nondominant right eye was to be treated with a target of −1.50 D for near vision and the dominant left eye with a target of plano for distance vision using the Laser Blended Vision module of the CRS-Master. 1 The nondominant right eye was treated first, but continued noncompliance and "squeezing" by the patient during the Hansatome flap creation resulted in a suction loss occurring after approximately 45% completion of the cut (see Video 1). The suction ring and microkeratome head were removed without incident. The partial flap was lifted and examined and found to be whole before being replaced; no ablation was performed. The left eye was not treated.
On postoperative day 1 the manifest refraction for the right eye was +1.25 −0.25 ×150 (20/16 −2 ). The refraction remained stable at all visits from before surgery to 2 months after surgery (Table 1) . At 1 month after surgery corneal curvature was only slightly elevated in a small area above the incomplete flap compared to preoperative corneal topography ( Figure 1) ; overall the topography appeared normal. The maximum thickness of the incomplete flap was 162 μm (Visante OCT; Carl Zeiss Meditec, Jena, Germany), and contrast sensitivity was normal and unchanged.
Secondary Treatment
The thickness profile of the partial flap in the right eye across the central 10 mm diameter of the cornea was measured 2 months after surgery with the Artemis VHF digital ultrasound scanner (ArcScan Inc, Morrison, CO), which can measure flap thickness with a repeatability of 1.68 μm centrally and 3-4 μm paracentrally ( Figure 2 ). 2 The thickness of the majority of the partial flap was between 120 μm and 150 μm. There was a localized region near the inferotemporal edge of the flap where Video 1. Summary of the entire case history including intraoperative footage from both procedures. Table 1 . Right eye manifest refractions and corrected distance visual acuity before and after the incomplete flap and after the secondary flap and ablation the flap was much thicker, with a maximum thickness of 182 μm (Figure 3 ). In addition, the epithelial thickness profile revealed a >1 mm wide, linear zone of thinned epithelium across the scan diameter ( Figure 3 ). The orientation and location of this zone was coincident with the limit of microkeratome cut across the cornea.
Following the original treatment, the VisuMax femtosecond laser (Carl Zeiss Meditec, Jena, Germany) had been installed at our clinic. Availability of the VisuMax made possible a follow-up procedure in this case to create a second flap with a precise flap depth. (The Hansatome microkeratome has a relatively less precise flap thickness reproducibility and is limited by the availability of only two head sizes, 160 μm or 180 μm.) The principal risk when creating a second flap is that the new interface could intersect the partial flap interface and result in tissue slivers. 3, 4 To avoid interface crossover and tissue slivers a second flap must be created below the partial flap but still remain within the limits of residual stromal bed tissue. In our patient, the central corneal pachymetry was 601 μm and the refraction was low hyperopia, and it was determined that there was ample tissue available to make a second cut under the original half flap. Creating a second flap below rather than above the original flap was considered the safest option because this would avoid the risk of crossover with the epithelium. The reported flap thickness standard deviation with the VisuMax femtosecond laser is 7.9 μm. 5 Theoretically, to minimize the risk of a second flap crossing the interface of an existing flap, the thickness of the second flap should be two standard deviations below the existing flap. In the present case, one standard deviation was considered ample added depth, and the flap was planned with a thickness of 190 μm (182 μm + 8 μm), allowing for a wide margin under the majority of the incomplete flap. The inferotemporal edge of the flap was the only location felt to be at risk of interface crossover and would require special care when dissecting and lifting the new flap. Nevertheless, tissue slivers in this inferotemporal region would likely not have resulted in a visually significant complication. The potential error in the flap thickness measurement, with the paracentral repeatability of 3-4 μm, must also be taken into account. However, as above, because the thicker area of the flap was localized near the flap edge, it was decided not to add further bias to the flap thickness to avoid creating an excessively thick flap. This process is described in detail in Video 1.
The recut procedure was performed later the same day, after the Artemis scans had been analyzed and the flap thickness had been selected. Treatment was performed by one of the authors (DZR) using the VisuMax femtosecond laser and the MEL80 excimer laser. The flap was programed using an M-sized treatment pack to be 190 µm thick, 8.50 mm in diameter, with a superior hinge and a 105° side cut. Creation of a new flap interface beneath the original incomplete flap was completed successfully. Dissection and lifting of the VisuMax flap proceeded without incident, and no tissue slivers were found. Ablation with the MEL80 was performed according to the original treatment plan, with the nondominant right eye target as −1.50 D for near vision and the left eye target as plano for distance vision using the Laser Figure  1 ). Artemis scans were performed on the right eye to assess the thickness achieved by the VisuMax flap (Figure 4) . The Reinstein flap thickness, calculated as the postoperative stromal component of the flap added to the preoperative epithelium, had a central thickness of 196 μm (maximum, 255 μm; minimum, 188 μm). The stromal tissue below the half-flap interface and above the VisuMax flap interface was found to have a maximum thickness of 110 μm and a minimum thickness of 
Discussion
This case demonstrates a method for planning and recutting flaps using the Artemis VHF digital ultrasound arcscanner and VisuMax femtosecond laser. The accurate measurement of an incomplete flap by optical coherence tomography or VHF digital ultrasound scanning is necessary to ascertain the actual flap thickness achieved. [5] [6] [7] A second flap can then be planned at a depth taking into account the reproducibility of both the femtosecond laser and the flap measurement device that will avoid crossover of the interfaces and the creation of tissue slivers. A femtosecond laser can then be used to create a second flap at a precisely planned depth to the nearest micron.
There are two other principal options for the management of a partial flap created with a mechanical microkeratome. The first is to switch to photorefractive keratectomy (PRK), which avoids any issue associated with the partial flap, but all the benefits of LASIK are lost. The second option is to recut a second flap using a mechanical microkeratome. However, due to the variability and nonuniformity of flap thickness with mechanical microkeratomes, [8] [9] [10] particularly with older models, a successful recut is difficult to achieve.
Without measurement and confirmation of the thickerthan-intended flap of 182 μm in the present case, the femtosecond laser recut may have been programmed as only 176 μm (eg, 2 standard deviations above the intended flap depth of 160 μm). This would have resulted in a much higher likelihood of a crossover of the flap interfaces and the creation of tissue slivers. To avoid this scenario it may not always be possible to plan a suitably thick flap and remain within residual stromal tissue limits, so it is important to know the exact depth required.
In the present case, conservation of tissue was not an issue because of the high corneal pachymetry and low hyperopic refraction. In cases where conserving corneal tissue is a concern, the treatment accuracy of femtosec-ond lasers combined with an accurate flap thickness measurement may allow for the creation of a second flap between a previous flap interface and the epithelium. This is an option as long as the gap between the maximum epithelial thickness and the minimum thickness of the original flap is at least 4 flap thickness standard deviations, so that the second flap can be programmed with a thickness that is at least 2 standard deviations from both the epithelium and the original flap. For example, if the maximum epithelial thickness was 64 μm and the minimum thickness of the original flap was 106 μm, a second flap could be safely programmed from 80 μm to 90 μm (80 -[2 ×8] = 64 μm, 90 + [2 ×8] = 106 μm). This same technique can also be applied for retreatment after a previous LASIK in which a thick flap was created. In such patients, there may be insufficient residual stromal bed tissue required for the retreatment under the original flap. However, creating a second flap at a shallower depth is a viable alternative to retreating as PRK, provided there is enough space between the flap and the epithelium. Measurement of the epithelial thickness is particularly important in these cases because the epithelium thickens centrally after myopic ablation and paracentrally after hyperopic ablation. 11, 12 While rare, partial flaps are one of the most common complications related to mechanical microkeratome flap creation in LASIK. [13] [14] [15] For this reason it is important to have a good strategy for managing partial flaps that minimizes the increased incidence of complications related to recutting a second flap. 3, 4, 16 A direct measurement of the thickness profile of the partial flap is essential to assess the risks of creating a second flap, and using a femtosecond laser brings the advantages of good reproducibility and flap thickness uniformity as well as the ability to program the flap thickness to the nearest micron.
